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THE CHEMICAL AGE

107

Low Pressure Polymerisation of Ethylene

A new approsch 10 the low pressure peoly-
merisation of ethylene has been fove-
shadowed in a recent note frem Profemer
Neaitzescu and co-workers of the eorganic
chomistry departmest of the RVR Acadeny
n Bucharest, published ln “ Angewandie
Chemie,” 1956, 68, 438. This wark b =

AM().\'(. the simple olctines cthyienc has
the lcast tendency to polymense and
the older processes tor polymerisation of
othylenc. which iv used on the produsuon
wale, requires pressures between 1,000 and
2000 atmospheres and a4 temperature of
about 200 ¢ For this reason the observar
uon of K. Ziegler and his aswciates that
cthylene mas)y be polymerised at normal
pressutes and lower temperatures by uwsc of
alugunsum albyis s the most sipnificant das-
covery which had emerged in the ficld of
maciomolecular chemustey  duning the last
two decades,

It apprared mterestng. trom the theoret-
cal stindpoint to derermine the part plaved
by the '1taniuem tetiachionde used by Ziegler
and his collaborators as an acuivator or ¢o-
catalyst. It scemed rcasonabie to vappose
that an exchange reaction of the type well
known among  OFgano-magnesium  com-
pounds toch place between the alumimium
alkyl and the tHanium tetrachionde. wih
formation of ah organo-ttamum compound.
Tiws resction may be formulated as foliows
(Ral - equivalent of alumwmmivm alkyl): —

nRal + TICL-OR.TI ;o) +nalCt (nC4)

{f this hypothesis were vahid. then the trec
promotor of polymerivation would be the
organo-titanium  compound and the wle
function of the alummnium alkyl wuld be
to supply the alky! radicals necessar . to the
formaton of the ttamum complex. The
aluminium alkyvl should then be treplaccable
by other reactive metallo-organic com-
pounds. It would be the presence of a
titamum compound which was essential to
the polymcimation process.

In oider 10 test this hypothesis,  zing
dwthyl. phenyvisodium  and 1soamyisodium
were used in that order. In all three cases
« sobid polvihene tesulied  Isoamy isodium

appears o be the most effivient catalyst,
though  the other twao  alkvis were only
wughtiv clenior The proscdure® yn the pre-
I oot was s follows
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yot in a very carly stuge and it is ot possible
to my what s industrial implication may
. There is ne doubt that further announce-
frem Prefesver Naenitzescu's labers-
wil be awalied with interent In view
the pemibiiity of a rewte to pelythene,
agpareutly imdependent of cxisting patents.

I!

o

The solvent used was a petroleum fractivn
with a boiling range of 130-200°C. By com-
venuonal procedure, sodium under nitfogen
was finely divided in a sulpbonation flask
eyuipped with an efficient stirrer. houmyl
chlorsdc at a temperature of - 107 was added
drop By drop and cooling applied untl the
beat developed had dispersed.  Titanium
tetrachioride dissolved in the same solvent
was then added sowly at about 20°C. The
resulting solution was transferred ‘o the
polymciisation vessei  amd  hinned  with
solvent 10 a volume of about 400 ml . cthy-
lene was then introduced.  The speed at
which ethylene is absorbed. itselt great, s
very Jependent upon the efficiency of oir-
ring The temperature nises rapidhy and o
maintained by cxternal cooling at 70 C.

In the cxperiments so far carried out, 0.5
g. of sodium (with other reageats in cquiva-
lent quantities) was used in 400 ml of
solvent; 125 g. of polythene were produced.
The abalcment in cthylene absorpuion to-
wards the end of the reaction appesrs W
de due to the highly viscous slatc of the
reaction mass—which prevents  effective
stirning - rather than 10 decreascd cfficiency
of the promotor. The polymerisation pro-
duct was treated by addition ot alcohol,
foftowed by washing with weakly acid water
and drying. The polytheme obtained was %
light. white, easity fiRerable powder

h is not yet possible to decide whether
the mechanbsm of the reaction is of a radical
or anionic nature In the first case. it would
be presumed that free radicalc and a com-
pound of trivalent titanium would be formed
by thermai decomoosition of the unstable
titanium compound : -

R TiX—R + TiX.
R +CH, " CH,»R CH, CH, e«

An anionic mechanism is thought to be
less probable

The detection of trivalent ttanium would
be an argument for the radic! mechamism.
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6 October 1956

VIEWPOINT

THE CHEMICAL AGE ' 17

l Activators

N OUR ISSUE of 21 July, 1956 (p. 107) we pub-

lished a note by Professor Nenitzescu et al., of

Bucharest, about the use of zinc and sodium alkyls
as activators for titanium tetrachloride in the normal
nressure polymerisation of ethylene. The main point
made in the work was that the true polymerisation
atalyst in the process first described by Professor
Ziegler was an organo-titanium complex, and the
sluminium alkyl was almost incidental, serving only as
a ~ource of alkyl radicals

Professor K. Ziegler in a recent note in Angewandte
Chemie (1) has now pointed out that the Rumanian
surk is already anticipated to some extent by previous
and current work by his own Institute. His comments
are as follows:

‘In the article “The Mulheim Normal Pressure
Ethvlene Process” which 1 published in this journal (2)
together with E. Holzkamp, H. Breil and H. Martin
not quite a year ago, after the paper had been read
on 14 September in Munich, there appears on page
547 in paragraph 4 of the left-hand column, the sentence
“the fact that titanium tetrachloride in particular can
be transformed to polymerisation activating material
with other types of reducing agents, without use of
aluminium or other metal alkyls, was shown by Herr
Breil in the course of his Diploma and Doctorate
theses.”

' On the same page, in paragraph 2 of the right-hand
column, there appears, during a discussion on a British
Patent of Du Pont, the sentence: “Ii is cuiious ihat
this patent names all the beavy meuals, such as Ti,
C'r. V, whose compounds in combination with the same
aikyl compounds of the alkaline metals, magnesium
or zinc, give excellent catalysts for the process which
we have discovered. It is only that the metals have
becn recommended for the wrong purpose, ie. the
activation of redox systems!”
«entences could hardly be misunderstood.

‘It is clear from them that alkyl compounds of
nietals other than aluminium form with titanium tetra-

hipride (also of course with compounds of other heavy

metals) polymerisation catalysts for ethylene. The use
of zinc alkyls (and organic magnesium cor” ilc) is
described in my Belgian Patent No. 534,888 and that
of alkali metal alkyls in my Belgian Patent No. 543913.

“The state of our knowledge regarding metal alkyls
in spring 1954 is summarised by Breil (3) in his diploma
thesis in the following general rule:

“If one mixes organic of the metals
lithium, sodium (potassium, rubidium, csesium?),
(beryllium?), magnesium (calcium, strontium, barium?),

»

The sense of these

Zac (cadmium. mercury?), aluminium (gallium.
indium?), with compounds of metals of the fourth.
fifth and sixth sub-groups of the periodic system, then
one obtains more or less highly active ‘ metallo ofganic
mixed catalysts’ for the polymerisation of ethylenc.”

*Set in brackets and marked with question marks
are those metals upon the organic compounds of which
no direct experiment had been made at that time (during
1954).

‘My Institute must at present exercisc restraint on
the publication of its work in detail. However, anybody
stimulated by our first publication to work in this ficld.
can easily find himself in already anticipated ternitor)
This has occurred in the case of the Rumanian
workers (4).

‘Finally it may be said that of course we have not
left uninvestigated the problems of the nature of cata-
lysts and the mechanism of formation of polythene.
The black material which, in the limiting cass, is ulu-
mately formed from TiCl, and metal alkyls of the above
type when there is suitable excess of the alkyl contains
Till:Ti!" in proportion 1:1. The whole problem of
the new catalysts is not, however, exhausted by this
observation.’ .

: REPERENCES
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OUR NEW SIZE

WITH this issue THE CHEMICAL AGE appears in
large size, having been a pocket size publication since
4 July 1942. The publishers have devoted much thought
to the design and layout of the new size and the paper
now appears as an example of the best in contemporary
typographical practice. ‘

The spacious format and large type make for case
of reading, while diagrams and illustrations can now
be reproduced in a size which will ensure clarity. The
publishers belicve that the new size will give added
prestige to THE CHEMICAL AGE and that this will, in
turn, reflect credit on the British chemical industry in
the 64 countries where the paper circulates. Rosders
will notice that the change in size has involved a change
in volume number. Thus, the issuss for July, August
and September will comprise V . LXXYV, 8n index
for which will be available in dus course. This large
size issue is the first of Vol. . L .
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